Dodders (Cuscuta spp.) are obligate parasitic plants that obtain water and nutrients from the stems of host plants via specialized feeding structures called haustoria. Dodder haustoria facilitate bidirectional movement of viruses, proteins and mRNAs between host and parasite 1 , but the functional effects of these movements are not known. Here we show that Cuscuta campestris haustoria accumulate high levels of many novel microRNAs (miRNAs) while parasitizing Arabidopsis thaliana. Many of these miRNAs are 22 nucleotides in length. Plant miRNAs of this length are uncommon, and are associated with amplification of target silencing through secondary short interfering RNA (siRNA) production 2 . Several A. thaliana mRNAs are targeted by 22-nucleotide C. campestris miRNAs during parasitism, resulting in mRNA cleavage, secondary siRNA production, and decreased mRNA accumulation. Hosts with mutations in two of the loci that encode target mRNAs supported significantly higher growth of C. campestris. The same miRNAs that are expressed and active when C. campestris parasitizes A. thaliana are also expressed and active when it infects Nicotiana benthamiana. Homologues of target mRNAs from many other plant species also contain the predicted target sites for the induced C. campestris miRNAs. These data show that C. campestris miRNAs act as transspecies regulators of host-gene expression, and suggest that they may act as virulence factors during parasitism.
predicted stem-loop precursors (Fig. 1b, Supplementary Data 2-4) . RNA blots confirmed interface-specific expression of specific miRNAs (Fig. 1c) . One of the 43 miRNAs is a member of the conserved MIR164 family; the other 42 upregulated miRNAs have low sequence similarity to known miRNA loci, and none of the mature miRNAs or miRNA* aligned perfectly with the A. thaliana genome (Supplementary Data 5). Several of the miRNA loci were detected by PCR of C. campestris genomic DNA prepared from four-day old seedlings that had never interacted with a host plant (Extended Data Fig. 1 ). The majority of the induced C. campestris miRNAs (26 out of 43) produced a 22-nucleotide mature miRNA. Such 22-nucleotide miRNAs occur less frequently than 21-nucleotide miRNAs in plants, and they are strongly associated with accumulation of secondary siRNA from their targets 13, 14 . Secondary siRNAs are thought to amplify miRNA-directed gene silencing 2 .
We hypothesized that the induced 22-nucleotide miRNAs would cause formation of secondary siRNA from targeted host mRNAs. Therefore, we searched small-RNA-seq data for A. thaliana mRNAs that both contained plausible miRNA-complementary sites and shared sequences with siRNAs that accumulated specifically at the interface. Six A. thaliana mRNAs were found that met both criteria: TIR1, AFB2 and AFB3, which encode partially redundant auxin receptors 15 ; BIK1, which encodes a plasma-membrane-localized kinase required for both pathogen-induced and developmental signalling 16, 17 ; SEOR1, which encodes an abundant phloem protein that reduces photosynthate loss from the phloem after injury 18, 19 ; and HSFB4 (also known as SCZ), which encodes a predicted transcriptional repressor that is required for the formation of ground-tissue stem cells in roots [20] [21] [22] . The siRNAs produced from these mRNAs resembled other examples of secondary siRNAs in their size distributions, double-stranded accumulation, and phasing (Fig. 2a, b , Extended Data Fig. 2 ). TIR1, AFB2 and AFB3 are also known to be targeted by the 22-nucleotide miRNA miR393, and to produce secondary siRNAs downstream of the miR393-complementary site 23 . In parasitized stems, the location and phase register of the TIR1, AFB2 and AFB3 secondary siRNAs shift upstream, proximal to the sites that are complementary to the C. campestris miRNAs (Extended Data Fig. 2) , implying that the C. campestris miRNAs, and not miR393, are triggering the interface-specific secondary siRNAs. The predomi nant 21-nucleotide phase register at several loci was shifted by + 1 to + 2 nucleotides relative to predictions. This is consistent with the 'phase drift' seen at other phased siRNA loci 24, 25 that cause the register to be shifted forward, and is probably due to the presence of low levels of 22-nucleotide siRNAs. Analysis of uncapped mRNA fragments showed strong evidence for miRNAdirected cleavage at all of the sites complementary to C. campestris miRNAs, specifically those from interface samples but not from control stem samples (Fig. 2, Extended Data Fig. 2 ). We did not find any induced miRNAs or siRNAs from the A. thaliana host that were capable of targeting these six mRNAs. We also did not find any endogenous C. campestris secondary siRNA loci corresponding to any of the induced miRNAs. Some C. campestris orthologues of TIR1, HSFB4 and BIK1 had possible, but very poorly complementary, miRNA target sites (Extended Data Fig. 3 ). These observations suggest that the induced C. campestris miRNAs have evolved to avoid targeting 'self ' transcripts. We conclude that 22-nucleotide miRNAs from C. campestris act in a trans-species manner to target A. thaliana mRNAs.
Accumulation of five of the six targets was significantly reduced in parasitized stems compared to control stems (Fig. 3a) . The true magnitude of repression of these targets could be even greater, since many miRNAs also direct translational repression. Accumulation of A. thaliana secondary siRNAs is partially dependent on the endonuclease DCL4 (DICER-LIKE 4) and wholly dependent on RDR6 (RNA-DEPENDENT RNA POLYMERASE 6, also known as SGS2 or SDE1) 2 . Accumulation of an abundant secondary siRNA from TIR1 was eliminated entirely in the sgs2-1 mutant, and reduced in the dcl4-2t mutant (Fig. 3b) . Thus, host DCL4 and RDR6 are required for secondary siRNA production. This implies that the C. campestris-derived miRNAs are active inside host cells and hijack the host's own silencing machinery to produce secondary siRNAs.
In repeated trials, we did not observe consistent significant differences in parasite fresh weight using dcl4-2t and sgs2-1 mutants as hosts (Extended Data Fig. 4) . Thus, loss of induced secondary siRNAs is not sufficient to affect parasite growth in this assay. Similarly, there were no significant differences in biomass of C. campestris grown on scz2 or tir1-1/afb2-3-mutant hosts (Fig. 3c ). Significantly less (P < 0.05) C. campestris biomass was observed using the bik1 mutant as host (Fig. 3c) . However, interpretation of this result was complicated by the weak, frequently lodging stems of the bik1 mutant 16 . BIK1 is involved in both plant development and immunity, and its developmental functions may mask its role in the C. campestris interaction. Significantly more (P < 0.05) C. campestris biomass was observed on seor1 or afb3-4 mutants (Fig. 3c) . Therefore, both SEOR1 and AFB3 function to restrict C. campestris growth on A. thaliana. This observation is consistent with the hypothesis that both SEOR1 and AFB3 are trans-species miRNA targets of biological relevance in A. thaliana.
C. campestris has a broad host range among eudicots
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. Therefore, we searched for sites in eudicot orthologues of the targeted A. thaliana mRNAs that were complementary to the C. campestris miRNAs induced specifically at the interface. Probable orthologues of BIK1, SEOR1, TIR1 and HSFB4 were identified as predicted targets of interface-induced miRNAs in many eudicot species, while only one species had predicted targets in the orthologues of the negative control GAPDH (Fig. 4a , Extended Data Table 1 ). We conclude that the induced C. campestris miRNAs would be able to collectively target TIR1, SEOR1, HSFB4 and BIK1 orthologues in many eudicot species. We performed additional small-RNA-seq from C. campestris on A. thaliana hosts, and from C. campestris on N. benthamiana hosts. Both sets of experiments were designed identically to the original small-RNA-seq study (two biological replicates each of host stem, interface and parasite stem samples). The interface-induced set of C. campestris miRNA loci was highly reproducible across both of the A. thaliana experiments as well as the N. benthamiana experiment (Extended Data Fig. 5 ). Induction of several C. campestris miRNAs during N. benthamiana parasitism was confirmed by RNA blots (Fig. 4b) . Several N. benthamiana mRNAs both contained plausible target sites for C. campestris miRNAs and showed accumulation of phased, secondary siRNAs in the interface samples, including orthologues of TIR1 and BIK1 (Extended Data Fig. 6 ). Analysis of uncapped RNA ends provided strong evidence for miRNA-directed cleavage of one of the N. benthamiana TIR1 orthologues (Fig. 4c, d ). This is direct evidence that the same C. campestris miRNAs target orthologous host mRNAs in multiple species. None of the interfaceinduced miRNAs we tested were detectable in C. campestris pre-haustoria from seedling tips that had coiled around dead bamboo stakes instead of a live host (Fig. 4b, Extended Data Fig. 7 ). This suggests that contact with a living host is a requirement for expression of these miRNAs.
These data demonstrate that C. campestris induces a large number of miRNAs at the haustorium, and that some of these miRNAs target and reduce accumulation of host mRNAs. Many of the induced miRNAs are 22 nucleotides in length, and are associated with secondary siRNA production from their host targets using the host's secondary siRNA machinery. Several of the targets are linked to plant pathogenesis: manipulation of levels of TIR1, AFB2, and AFB3 mRNA affects bacterial pathogenesis and defence signalling 27 , and BIK1 is a central regulator of pathogen-induced signalling 28 . Perhaps the most intriguing target is SEOR1, which encodes a very abundant protein that is present in large agglomerations in phloem sieve-tube elements 18 . seor1 mutants show an increased loss of sugars from detached leaves 19 , and our data show that seor1 mutants also support increased C. campestris growth. A key function of the haustorium is to capture nutrients from the host phloem; targeting SEOR1 could be a strategy to increase sugar uptake from host phloem. Overall, these data suggest that C. campestris trans-species miRNAs might function as virulence factors to remodel host gene expression to the parasite's advantage. Further experiments that directly disrupt the delivery or function of these miRNAs will be needed to test this hypothesis directly. Online Content Methods, along with any additional Extended Data display items and Source Data, are available in the online version of the paper; references unique to these sections appear only in the online paper. 
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Cuscuta was initially obtained from a tomato field in California, and seed stocks were derived from self-pollination through several generations in the Westwood laboratory. The isolate was initially previously identified as Cuscuta pentagona. C. pentagona is very closely related to C. campestris, and the two are distinguished by microscopic differences in floral morphology; because of this they have often been confused 29 ) were a gift from M. Knoblauch (Washington State University). The A. thaliana tir1-1/afb2-and afb3-4 mutants 32 were a gift from G. Monshausen (Pennsylvania State University). The bik1 mutant 16 was a gift from T. Mengiste (Purdue University). The scz2 mutant 22 was a gift from R. Heidstra (Wageningen University). All A. thaliana mutants were on the Col-0 background. Growth conditions and RNA extractions. For initial experiments (small-RNAseq and RNA blots in Fig. 1 
) with metal-halide (400 W, GE multi-vapour lamp) and spot-gro (65 W, Sylvania) lamps. C. campestris seeds were scarified in concentrated sulfuric acid for 45 min, rinsed 5-6 times with distilled water and dried. The seeds were placed in potting medium at the base of four-week-old A. thaliana seedlings and allowed to germinate and attach to hosts. The C. campestris plants were allowed to grow and spread on host plants for an additional three weeks to generate a supply of uniform shoots for use in the experiment. Sections of C. campestris shoot tip (~ 10 cm long) were placed on the floral stems of a fresh set of A. thaliana plants. Parasite shoots coiled around the host stems and formed haustorial connections. Tissues from plants that had established C. campestris with at least two coils around healthy host stems and clear parasite growth were used in these studies. Control plants were grown under the same conditions as parasitized plants, but were not exposed to C. campestris.
For the preparation of tissue-specific small-RNA libraries, tissues were harvested after C. campestris cuttings had formed active haustorial connections to the host. This was evidenced by growth of the C. campestris shoot to a length of at least 10 cm beyond the region of host attachment (7-10 days after infection). Three tissues were harvested from the A. thaliana-C. campestris associations: 2.5 cm of A. thaliana stem above the region of attachment, A. thaliana and C. campestris stems in the region of attachment (referred to as the interface), 2.5 cm of the parasite stem near the point of attachment. To remove any possible crosscontamination between A. thaliana and C. campestris, harvested regions of the parasite and host stem were taken 1 cm away from the interface region and the surface of each harvested tissue cleaned by immersion for 5 min in 70% ethanol, the ethanol was decanted and replaced, the process was repeated three times and the stems were blotted dry with a Kimwipe after the final rinse. All three sections of tissue were harvested at the same time, and material from 20 attachments was pooled for small-RNA extraction. Small RNA was extracted from ~ 100 mg of each tissue using the mirPremier microRNA Isolation Kit (Sigma-Aldrich) according to the manufacturer's protocol. Small RNA was analysed using an small-RNA kit (Agilent) on a 2100 Bioanalyzer platform.
Samples used for 5′ -RLM-RACE (Fig. 2d ) and qRT-PCR (Fig. 3a) analyses of A. thaliana targets were prepared as described above with the following modifications: Col-0 A. thaliana hosts were cultivated in a growth room with 16-h days, 8-h nights, at ~ 23 °C under cool-white-fluorescent lamps. Attachment of C. campestris cuttings was promoted by illumination with far-red LED lighting for 3-5 days, and total RNA was extracted using Tri-reagent (Sigma) per the manufacturer's suggestions, followed by a second sodium-acetate-ethanol precipitation and wash step. Samples used for RNA blots of secondary siRNA accumulation from A. thaliana mutants and replicate small-RNA-seq libraries were obtained similarly, except that the samples were derived from the primary attachments of C. campestris seedlings on the hosts instead of from cuttings. In these experiments, scarified C. campestris seedlings were first germinated on moistened paper towels for three days at ~ 28 °C, then placed adjacent to the host plants with their radicles submerged in a water-filled 0.125-ml tube.
C. campestris pre-haustoria (Extended Data Fig. 7) were obtained by scarifying, germinating and placing seedlings as described above, next to bamboo stakes in soil, under illumination from cool-white fluorescent lights and far-red-emitting LEDs. Seedlings coiled and produced pre-haustoria four days after being placed, and were harvested and used for total-RNA extraction (used for RNA blots in Fig. 4b ) using Tri-reagent as described above. N. benthamiana was grown in a growth room with 16-h days, 8-h nights, at ~ 23 °C, under cool-white fluorescent lamps. Three-to-four-week-old plants served as hosts for scarified and germinated C. campestris seedlings. Attachments were promoted by three-to-six days with supplementation by far-red-emitting LEDs. Under these conditions, C. campestris attached to the petioles, and not the stems, of the N. benthamiana hosts. Interfaces and control petioles from un-parasitized hosts were collected seven-to-eight days after successful attachments, and total RNA (used for RNA blots in Fig. 4b and small-RNA-seq libraries) was recovered using Tri-reagent as described above. Small-RNA-seq. The initial small-RNA-seq libraries were constructed using the Tru-Seq small-RNA kit (Illumina) per the manufacturer's protocol and sequenced on an HiSeq2500 instrument (Illumina). Subsequent small-RNA-seq libraries (replicate two using A. thaliana hosts, and the N. benthamiana experiments) used the NEBnext small-RNA library kit (New England Biolabs), following the manufacturer's instructions. Raw small-RNA-seq reads were trimmed to remove 3′ -adapters and filtered for quality and trimmed length ≥ 16 nucleotides using cutadapt 33 version 1.9.1 with the settings "-a TGGAATTCTCGGGTGCCAAGGdiscard-untrimmed -m 16-max-n = 0". For experiments where A. thaliana was the host, trimmed reads that aligned with zero or one mismatch (using bowtie 34 version 1.1.2, settings "-v 1") to the A. thaliana plastid genome, the Cuscuta gronovii plastid genome (C. gronovii was the closest relative to C. campestris for which a completed plastid-genome assembly was publicly available), A. thaliana rRNAs, tRNAs, small nuclear RNAs (snRNAs), and small nucleolar RNAs (snoRNAs) were removed. Similarly, for experiments where N. benthamiana was the host, the reads were cleaned against the C. gronovii plastid genome, the N. tabacum plastid genome and rRNAs, and a set of tRNAs predicted from the N. benthamiana genome using tRNAscanSE.
For the original A. thaliana host data, the clean reads were aligned and analysed with reference to the combined TAIR10 A. thaliana reference genome and a preliminary version 0.1 draft genome assembly of C. campestris using ShortStack 35 (version 3.8.3) with default settings. The resulting annotated small-RNA loci (Supplementary Data 1) were analysed for differential expression (interface versus parasite stem) using DESeq2 36 , with a log 2 fold threshold of 1, alternative hypothesis of 'greaterAbs' , and alpha of 0.05. P values were adjusted for multiple testing using the Benjamini-Hochberg procedure, and loci with an adjusted P value of ≤ 0.05 (equivalent to an FDR of ≤ 0.05) were denoted upregulated in interfaces relative to parasite stem. Among the upregulated loci, those annotated by ShortStack as miRNAs deriving from the C. campestris genome which produced either a 21-or 22-nucleotide mature miRNA (Supplementary Data 2) were retained and further analysed. The predicted secondary structures and observed small-RNA-seq read coverage was visualized (Supplementary Data 3, 4) using strucVis (version 0.3; https://github.com/MikeAxtell/strucVis).
For analysis of mRNA-derived secondary siRNAs, the clean small-RNA-seq reads from the original A. thaliana experiment were aligned to the combined TAIR10 representative cDNAs from A. thaliana and our preliminary version 0.1 transcriptome assembly for C. campestris, using ShortStack 35 v3.8.3, with the settings -mismatches 0,-nohp, and defining the full length of each mRNA as a locus using the option -locifile. The resulting counts of small-RNA alignments for each mRNA were used for differential-expression analysis, comparing interface to host stem, using DESeq2 36 as described above. A. thaliana mRNAs with significantly upregulated (FDR ≤ 0.05) small RNAs in the interface compared to host stem were retained for further analysis. The cDNA sequences of these loci were retrieved and used for miRNA target predictions using GSTAr (v1.0; https://github.com/ MikeAxtell/GSTAr); the full set of mature miRNA and miRNA* (Supplementary Data 2) from the interface-induced C. campestris miRNA loci were used as queries.
Analysis of the second set of A. thaliana-C. campestris small-RNA-seq data aligned the cleaned reads to the combined A. thaliana and C. campestris reference genomes as described above, except that the list of loci derived in the analysis of the original data (Supplementary Data 1) was used as a -locifile in the ShortStack analysis. Differential-expression analysis was then performed using DESeq2 as described above. Analysis of the N. benthamiana-C. campestris small-RNA-seq data began with a ShortStack analysis of the cleaned reads against the combined N. benthamiana (v0.4.4) genome and the preliminary assembly of the C. campestris genome, using default settings. The de novo N. benthamiana loci obtained from this run were retained. The resulting alignments were used to quantify abundance of small RNAs from the C. campestris small-RNA loci defined with the original data. The resulting read counts were then used for differential-expression analysis with DESeq2 as described above. Analysis of secondary siRNAs derived from N. benthamiana mRNAs was performed in a similar way to the A. thaliana mRNA analysis described above, except that the combined transcriptomes were from C. campestris and N. benthamiana (v0.4.4 annotations). RNA blots. Small RNA gel blots were performed as previously described 37 with modifications. For the blots shown in Fig. 1b, 1 .8 μ g of small RNA from each sample was separated on 15% TBE-Urea Precast gels (Bio-Rad), transblotted onto the Hybond NX membrane and cross-linked using 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 38 . Hybridization was carried out in 5× SSC, 2× Denhardt's solution, 20 mM sodium phosphate (pH 7.2), 7% SDS with 100 μ g ml −1 salmon testes DNA (Sigma-Aldrich). Probe labelling, hybridization and washing were performed as described 37 . Radioactive signals were detected using Typhoon FLA Letter reSeArCH 7000 (GE Healthcare). Membranes were stripped between hybridizations by washing with 1% SDS for 15 min at 80 °C and exposed for at least 24 h to verify complete removal of probe before re-hybridization. Blots in Figs 3b and 4b were performed similarly, except that 12 μ g of total RNA was used. Probe sequences are listed in Supplementary Data 6. 5′-RNA ligase-mediated rapid amplification of cDNA ends. Five micrograms total RNA was ligated to 1 μ g of a 44-nucleotide RNA adaptor (Supplementary Data 6) using a 20 μ l T4 RNA ligase 1 reaction (NEB) per the manufacturer's instructions for a 1 h incubation at 37 °C. The reaction was then diluted with 68 μ l water and 2 μ l 0.5 M EDTA pH 8.0, and incubated at 65 °C for 15 min to inactivate the ligase. Sodium acetate pH 5.2 was added to a final concentration of 0.3 M, and the RNA was precipitated with ethanol. The precipitated and washed RNA was resuspended in 10 μ l water; 3.33 μ l of this sample was used as template in a reverse transcription reaction using random primers and Protoscript II reverse transcriptase (NEB) per the manufacturer's instructions. The resulting cDNA was used as template in first round PCR using a 5′ primer matching the RNA adaptor and a 3′ gene-specific primer (Supplementary Data 6) ; 1 μ l of the product was used as template for nested PCR with nested primers (Supplementary Data 6) . Gene-specific primers for A. thaliana cDNAs were based on the representative TAIR10 transcript models, while those for N. benthamiana cDNAs were based on the v0.4.4 transcripts (Sol Genomics Network 39 ). In Fig. 4c, N. benthamiana TIR1 is transcript ID NbS00011315g0112.1; N. benthamiana ARF is transcript ID NbS00059497g0003.1. Bands were purified from agarose gels and cloned into pCR4-TOPO (Life Tech). Inserts from individual clones were recovered by colony PCR and analysed by Sanger sequencing. Quantitative reverse-transcription-PCR. Total RNA used for qRT-PCR was first treated with DNaseI (RNase-free; NEB) per the manufacturer's instructions, ethanol precipitated and resuspended. The treated total RNA (2 μ g) was used for cDNA synthesis using the High Capacity cDNA Synthesis Kit (Applied Biosystems) per the manufacturer's instructions. PCR reactions used PerfeCTa SYBR Green FastMix (Quantabio) on a StepONE-Plus quantitative PCR system (Applied Biosystems) per the manufacturer's instructions. Primers (Supplementary Data 6) were designed to span the miRNA target sites to ensure that only uncleaved mRNAs were measured. Three reference mRNAs were used: ACT2, AT1G13320 (which encodes PDF2, a subunit of PP2A), and AT4G34270
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. Raw C t values were used to calculate relative normalized expression values to each reference mRNA separately, and the final analysis used the median relative expression values between the ACT12 and AT4G34270-normalized data. C. campestris growth assays. C. campestris seedlings were scarified, pregerminated, and placed next to hosts in 0.125 ml water-filled tubes under coolwhite fluorescent lighting supplemented with far-red-emitting LEDs (16-h day, 8-h night) at ~ 23 °C as described above. After a single attachment formed (four days), far-red light supplementation was removed to prevent secondary attachments. After 18 more days of growth, entire C. campestris vines were removed and weighed (Fig. 3c) . Multiple additional growth trials were performed specifically on the dcl4-2t and sgs2-1 mutant hosts under varying conditions (Extended Data Fig. 4) . miRNA target predictions. To find probable orthologues for A. thaliana genes of interest, the A. thaliana protein sequences were used as queries for a BLASTP analysis of the 31 eudicot proteomes available on Phytozome 11 (https:// phytozome.jgi.doe.gov/pz/portal.html#). Transcript sequences for the top 100 hits were retrieved. In some cases no hits were found in a particular species; these are shown as 'NA' in Fig. 4a . The miRNA query set was all mature miRNA and miRNA* from the interface-induced, C. campestris-derived 21-or 22-nucleotide miRNAs (Supplementary Data 2) . Probable targets from the 31 species were identified as those having a score of up to 4.5 using targetfinder.pl v0.1 (https:// github.com/MikeAxtell/TargetFinder/). N. benthamiana orthologues of A. thaliana proteins were found based on BLASTP searches against the v0.4.4 N. benthamiana protein models at Sol Genomics Network 39 , and miRNA target sites predicted using targetfinder.pl as above. Statistics and reproducibility. No statistical methods were used to predetermine sample size. The experiments were not randomized. 95% confidence intervals from 
Possible homolog of MIR-Cluster_102537
Extended Data Figure 1 | PCR of C. campestris miRNA loci. Genomic DNA isolated from C. campestris seedlings four days after germination was used as template; the seedlings had never attached to nor been near a host plant, ruling out host DNA contamination. trnL-F, positive control plastid locus. Experiment performed once.
Letter reSeArCH Targets were predicted using targetfinder.pl, keeping all hits with a score of 4.5 or less. Probable orthologues of the indicated A. thaliana genes were found using BLASTP against the 31 eudicot species present in Phytozome 11, simply keeping up to the top 100 BLAST hits. miRNA queries were all mature miRNA and miRNA* from C. campestris interface-induced miRNA loci. NA, indicates that no probable orthologues were recovered from a given species; 1, indicates that there was one or more predicted target in that species; 0, indicates there were 0 predicted targets. GAPDH orthogroup, negative control. Life Sciences Reporting Summary Nature Research wishes to improve the reproducibility of the work that we publish. This form is intended for publication with all accepted life science papers and provides structure for consistency and transparency in reporting. Every life science submission will use this form; some list items might not apply to an individual manuscript, but all fields must be completed for clarity.
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Experimental design 1. Sample size
Describe how sample size was determined.
No statistical method was used to pre-determine sample sizes. Samples sizes for small RNA-seq were two biological replicates per condition; they are limited by cost. Sample sizes for qRT-PCR were 7-8 biological replicates, and were chosen to achieve reasonable estimates of variation. Sample sizes for C. campestris growth assays were 8-10 or more biological replicates, and were chose to achieve reasonable estimates of variation.
Data exclusions
Describe any data exclusions. No data were excluded
Replication
Describe whether the experimental findings were reliably reproduced.
All replications gave similar data
Randomization
Describe how samples/organisms/participants were allocated into experimental groups.
Randomizations were not relevant to this study because experimental groups are rigidly determined by the organism; we weren't perform a drug trial or similar experiment.
Blinding
Describe whether the investigators were blinded to group allocation during data collection and/or analysis.
Blinding was not relevant to this study; we weren't perform a drug trial or similar experiment.
Note: all studies involving animals and/or human research participants must disclose whether blinding and randomization were used.
Statistical parameters
For all figures and tables that use statistical methods, confirm that the following items are present in relevant figure legends (or in the Methods section if additional space is needed).
n/a Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement (animals, litters, cultures, etc.)
A description of how samples were collected, noting whether measurements were taken from distinct samples or whether the same sample was measured repeatedly A statement indicating how many times each experiment was replicated
The statistical test(s) used and whether they are one-or two-sided (note: only common tests should be described solely by name; more complex techniques should be described in the Methods section)
A description of any assumptions or corrections, such as an adjustment for multiple comparisons
The test results (e.g. P values) given as exact values whenever possible and with confidence intervals noted A clear description of statistics including central tendency (e.g. median, mean) and variation (e.g. standard deviation, interquartile range)
Clearly defined error bars
See the web collection on statistics for biologists for further resources and guidance.
